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AN EVALUATION OF THE USE OF HIGH TEMPERATURE PROCEDURES 
FOR APPLYING DIRECT DYES TO COTTON YARN 
SUMMARY 
In this problem an attempt is made to evaluate the use of the 
high temperature-pressure method in the application of direct dyes to 
cotton yarns to determine whether or riot any advantage will accrue in 
increased resistance to fading by light and washing, reduction in the 
time required for dyeing and reduction in the amount of dyestuff to be 
used. 
A laboratory model of a one-pound package dyeing machine was 
modified in order that dyeings could be made at the boil and at ele-
vated temperatures under comparable conditions. Comparative dyeings 
with direct dyes were made at 212° F. and at 2^0° F. The dyes were 
selected on the basis of their rated fastness to light and washing. 
The following dye stuffs were used: 
Pontamine Blue BB Super Concentrated 
Pontamine Fast Rubine B Concentrated 
Pontamine Fast Orange EGL. 
An additional series of high temperature dyeings utilizing 
Pontamine Fast Orange EGL was made in which variations in time of dye-
ing and concentration of dyestuff were introduced. In this series of 
dyeings, a cooling cycle was incorporated in the dyeing procedure in 
an effort to effect better exhaustion of the dye bath. 
J, 
The results of this investigation indicate that dyeing at 
ix 
elevated temperatures has no deleterious effect on the strength of the., 
yarn, and the Observed loss in strength apparently was caused by chemi-
cal action of the dyestuffs employed. 
No increase in resistance to fading by light and washing was noted 
in the yarn dyed at elevated temperatures. Studies of the dyed yarns 
failed to indicate that additional penetration or exhaustion is obtained 
by dyeing with direct dyes at elevated temperatures. The conclusion is 
reached that any increase or decrease in these factors must be attri-
buted to the chemical composition of the individual dyestuffs. 
The results obtained in dyeing yarn at 2£0° F. under variable 
conditions of time and concentration in a cooling dye.bath indicate that 
a reduction of 20.0 per cent in time of dyeing and a decrease of 12.5 
per cent in the amount of dyestuff required may be effected by the use 
of high temperature procedures'. 
CHAPTER I 
INTRODUCTION 
The craft and art of dyeing has been practiced In one form or an-
other for thousands of years. In fact, it is one of the oldest achieve-
ments of mankindo The earliest attempts at dyeing made use of various 
berries, herbs and barks to stain the~materials to be colored. These 
methods naturally restricted the range of colors to a very few. 
The discovery by Perkin of the synthetic dye "mauve" in 185>6 set 
off a feverish investigation by the world's chemists to produce a whole 
range of synthetic colors. This thirst for new dyes has continued to 
the present day when we find thousands of dyestuffs sufficient to pro-
duce any desired shade or tint on any fibrous material. 
The earlier dyestuffs were of the class commonly known as "direct 
dyes" and were widely used, particularly on cotton goods. However, al-
though these direct dyes were, and still are, extremely simple of appli-
cation, they are for the most part relatively sensitive to light and 
washing. 
Within the past decade a large number of synthetic fibers have 
been introduced, in addition to rayon and nylon. Some of these newer 
synthetics have posed considerable problems to the dyer. In the case 
of several synthetic fibers, the use of high temperatures and pressure 
have been required to obtain satisfactory dyeings of adequate fastness 
properties and at a reasonable cost. The high temperature-pressure ap-
paratus proved to be so 'satisfactory that textile manufacturers have 
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become widely interested in applying the method of dyeing to all classes 
of fibers, utilizing practically all classes of dyes. 
The problem. In this problem, an attempt is made to evaluate the use of 
the high temperature-pressure method in the application of direct dyes 
to cotton yarns to determine whether any advantage will accrue in in-
creased resistance to fading by light and washing, reduction in the time 
required for dyeing, and reduction in the amount of dyestuff to be used. 
Direct dyes are utilized on cotton yarns and fabrics quite exten-
sively, particularly where lightfastness or washfastness is not neces-
sarily required. The usual method of applying direct dyes at the boil 
is a time consuming operation, and a large portion of the dyestuff is 
wasted since the rates of exhaustion are none too good. Since dyestuffs 
and labor are both rather expensive, a reduction of either of these 
costs is of prime interest to the manufacturer. 
Review of the literature. Practically every textile organization of 
size in this country is today conducting research and experimentation 
on dyes and methods of dye application. A large amount of this research 
is devoted to high temperature dyeing under pressure. However, very few 
reports of the results obtained have been published. 
The Du Pont Company has recommended and endorsed the use of high 
temperature equipment on a production scale, particularly for their new-
er synthetic fibers. In addition, the development of the Barotor has 
provided a method for dyeing piece-goods in open width at high tempera-
tures under pressure.(l) 
The use and construction of a new high temperature, continuous 
dyeing machine developed by the Bachmann Uxbridge Worsted Corporation 
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is described by Zimmerman*(2) This equipment consists of two main parts, 
a padder and a pressure chamber for dyeing and developing. After being 
padded, the cloth passes into the pressure dyeing chamber through a set 
of sealing rolls which were designed to hold back the high pressures 
while in motion, 
Drijvers(3) made a study of high temperature dyeing on the major 
classes of fibers and stated that a new type of machine was required to 
permit the practical use of this method at the industrial level. He 
described the construction of a machine designed by Baudouin Steverlynck 
of the Teinturerie de Groeninghe a Courtrai in Belgium. Essentially 
this new machine featured an enclosed expansion chamber, together with 
provisions for a pressurized addition chamber and a sampling chamber. 
It was stated that the air trapped in the enclosed expansion chamber ex-
erted sufficient pressure to overcome the decrease in pump pressure be-
cause of back pressure encountered upon raising the temperature of the 
dye solution above the boilo 
Virtually the same recommendations are made in a staff article 
appearing in the September, 19^3 issue of Textil Praxis. A machine of 
the same type is described as having been manufactured by the H. K. 
Krantz Maschinenfabrik of Aachen, Germany. The advantages denoted for 
this machine are substantially the same as those proposed by Drijvers(li) • 
An improved model of the machine designed by Steverlynck has now 
been placed in commercial production by a manufacturer in Courtrai, Bel-
gium. Marketed as the "Static-Process Steverlynck", this system con-
trols static pressure from an outside source independent of internal 
temperatures; has a sampling kier that can be used at any time without 
stopping the complete unit; eliminates the difficulties previously 
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caused by high local temperatures near the stock or yarns by the instal-
lation of a heat-exchanger unit between the circulating pump and the dye 
kierj and has a special low-pressure circulating pump that prevents much 
of the channeling and felting caused by high-pressure pumps.(£) 
Royer(6) and his associates made a series of studies of the use 
of high temperatures in dyeing a number of different natural and syn-
thetic fibers. A small laboratory non-continuous dyeing unit was de-
signed and built for dyeing at temperatures up to 300° F. under air pres-
sure of fifty pounds per square inch. The apparatus consists of two cham-
bers, and in operation the solution or developing bath is placed in the 
lower chamber. A platform-valve, which separates the two chambers, is 
pulled into place and held there by applying fifty pounds air pressure 
to the lower chamber. The dye solution is then heated by electrical 
coils which surround the lower chamber. The sample to be dyed is mount-
ed on a small holder and then placed on the platform-valve which sepa-
rates the two chambers. When the dye bath has reached the desired tem-
perature, the cover is fastened on the top chamber, and compressed air 
is let into the top chamber until the pressure in the upper chamber 
equals that in the lower. At this point, the platform-valve drops, 
permitting the sample to fall into the dye bath. The sample is agi-
tated during dyeing by rocking the unit manually. 
This apparatus is of great value for analytical work since it 
permits entering the samples into the dyeing bath at the desired dyeing 
temperature without pre-heating or steaming. In addition, provision is 
made for quick removal of the sample from the dye bath and rapid cool-
ing. 
From their studies, Royer and his associates found that in dyeing 
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cellulosic fibers such as cotton and wool, the increased temperature 
caused more rapid diffusion and leveling of dyes but a lesser exhaus-
tion of the dye bath. The test dyeings were performed at 2?0° F. for 
fifty seconds under air pressure of fifty pounds per square inch. In 
general it was found that because of the short times of contact at the 
higher temperatures, the same extent of dyeing could be obtained with-
out greater damage than is obtained for the same reaction during a long-
er dyeing time at lower 'temperatures. It was indicated that possible 
changes in tensile characteristics could be attributed to the reaction 
of the dye with the fiber, and further that the same damage would occur 
regardless of the temperature at which the reaction took place*(?) 
Drijvers(8) has shown that when using the high temperature dyeing 
process, each dyestuff used had a characteristic temperature at which 
complete equilibrium was reached, and increasing the temperature beyond 
that critical temperature caused the equilibrium curve to decrease. 
From a series of studies made on this dyeing phenomenon, he has recom-
mended that the temperature be raised to the critical temperature as 
rapidly as possible to obtain the desired equilibrium, and then intro-
duce a cooling cycle to obtain maximum exhaustion of the dye bath* In 
this connection, Drijvers has postulated that a major portion of the dye 
goes on the fibers during cooling of the bath. 
CHAPTER II 
THEORETICAL CONSIDERATIONS, 
Any analytical examination into methods of dyeing and the prop-
erties of dyed textile materials requires that consideration be given 
to the molecular construction of the fiber and the theories of dyeing. 
Structure of cotton. The natural cotton fiber has a lustrous, creamy 
white color and appears as an elongated hollow tube with a narrow canal 
or lumen down the center. Its longitudinal appearance is that of a 
flat tape or ribbon with regular convolutions throughout its length. 
In cross-section, the immature fiber appears as a thin-walled collapsed 
ring, the thickness of the fiber wall increasing and the size of the 
lumen correspondingly decreasing with maturity.(9) 
Chemically, the. natural cotton fiber is composed of about 97 to 
99 per cent cellulose, the remaining portions consisting of pectins, 
waxes and soluble impurities.(10) A great deal of research work has 
been done in the last two decades in an effort to determine the exact 
structure of the cellulosic portion of cotton. It has become generally 
accepted that cotton is built up from very long thread-like molecules, 
the basic component of which is cellobiose.(ll) 
When textile fibers are examined by X-rays, they are found to 
produce regular diffraction patterns similar to those produced by the 
rotation of crystals. The patterns are usually accentuated by stretch-
ing the fibers, since this increases the orientation of the molecules. 
According to Vickerstaff(12), the formation of these patterns 
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proves that in certain parts of the fiber the molecules are arranged in 
an orderly and regular manner. These oriented portions, which have been 
called "crystallites" or "micelles", cannot comprise the whole of the 
fiber, since the physical properties of fibers differ widely from those 
which would be exhibited by crystals. Consequently it is necessary to 
suppose that the micelles are embedded in material of a different char-
acter. At one time it was suggested that the crystallites were discrete 
and separate and were like bricks embedded in a matrix of different ma-
terial. Now, however, the most generally accepted view is that the 
crystallites are not discrete but merge gradually into a more disordered 
or amorphous portion of the fiber which is chemically identical with the 
crystallites. It is further believed that one single-chain molecule may 
pass through and be part of two or more crystallites, 
The fiber thus consists, of dense, tightly packed and oriented re-
gions interspersed with less-dense amorphous regions, and the latter may 
be regarded as forming a system of interlocking pores or capillaries 
throughout the mass. The relative amount of crystalline and amorphous 
material has been the subject of much study but no very definite conclu-
sions have been reached. 
Theory of dyeing. The behavior of native cellulose to dyestuff solu-
tions has been the subject of numerous investigations. Similarly, nu-
merous theories of dyeing have been suggested, although most of the 
older theories have now been abandoned. The elucidation of the fine 
structure of the textile fibers has influenced and furthered this de-
velopment to a great extent. Today, it is generally believed that the 
cotton dyes are absorbed from their aqueous solutions, and that the dye 
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forms a molecular compound with the cellulose. Heuser(13) proposes that 
the forces which are operative in binding the dye to the fiber are pro-
bably the same that are instrumental in holding the individual chain 
molecules together. These forces may be operative as secondary valences 
or as co-ordinative hydrogen bonds between the hydroxy! groups of the 
cellulose and certain polar groups of the dye molecule. 
The capillary system of the fiber on the one side and the parti-
cle size of the dye molecules on the other are of great importance be-
cause the dye molecules must penetrate the capillaries to reach the in-
terior of the fiber, and only dyes of sufficiently small particle size 
can enter the finer capillaries. Even in the swollen state, which is a 
prerequisite for dye absorption, the chains within the crystalline re-
gions of the micellar system are probably packed too closely to be 
reached by the common dye molecules\ for this reason penetration is 
generally limited to the amorphous regions. 
Drijvers(lii) also has pointed out this capillary action by stat-
ing that the dye is absorbed not only on the surface but is distributed 
through the whole fiber* The rate of absorption, depending upon such 
factors as the ratio of dye bath to fiber, the temperature and the salt 
concentration of the dye bath, decreases until an equilibrium is reached. 
In this state, the amount of dye absorbed by the fiber is in equilibrium 
with the concentration of the dye dissolved in the bath. 
Heuser(l5) has stated that the reactivity of mercerized and the 
various types of regenerated cellulose is greater than that of the un-
treated, original material. Mercerization is essentially a controlled 
swelling of cellulose, and the results of such swelling can be seen in 
the more uniform appearance of the cotton fiber in cross-section and in 
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the deconvoluted appearance of the fiber. The increased swelling caused 
by mercerization, and the consequent increase in size of the capillaries, 
probably accounts for the greater absorption of dyestuffs by mercerized 
cotton. 
Drijvers(l£) explains current dyeing theories by stating that 
dyeing takes place in three distinct phases: the diffusion of the dye 
in the bath towards the surface of the fiber; the adsorption of the dye 
on the surface of the fiberj and diffusion of the dye into the fiber. 
In machine dyeing with the dye liquor being circulated through the pack-
age of yarn, the outer layers of yarn reach a dye equilibrium with the 
dye bath before the inner portions of the package. Because of this fact, 
the unequal equilibrium causes the dye on the outer portion of the pack-
age to go back into solution again. As the dye equilibrium is shifted, 
the inner portions of the package again begin to absorb dyestuff until 
the absorption of dye is uniform throughout the package of yarn, at 
which time complete dyeing equilibrium will have been attained. These 
facts may be incorporated in the following fundamental principle, as 
proposed by Drijvers: 
"In a dynamic system (dye solution/mass to be dyed) no change 
whatever, so far as the practical exhaustion of the bath is 
concerned, can be achieved as long as tinctorial equilibrium 
has not been reached between the entire mass and the whole of 
fine bath," 
Although the dye equilibrium can be shifted by the presence of electro-
lytes, the rate at which they are reached is principally a function of 
the temperature. 
In a logical application of the foregoing hypotheses, it can be 
concluded that an increase in swelling of the cotton fiber could be 
obtained through the use of higher temperatures than those normally 
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used, and further that increased dye absorption could r e su l t from the 
enlargement of the in ter-micel lar c ap i l l a r i e s or the possible increase 
in the overal l proportion of amorphous material caused by such swelling. 
CHAPTER I I I 
INSTRUMENTATION AND EQUIPMENT 
The following is a complete l i s t of the machines and instruments 
u t i l i z e d in conducting th i s invest igat ion: 
Modified Morton One-pound Package Dyeing Machine 
Lumetron Colorimeter, Model 1*02-E 
Atlas Fadeometer 
Atlas Launderometer 
F ide l i ty Ribber, I76 Needles 
Suter Single End Break Machine 
Goodbrand Twist Counter 
Foster Model 102 Winder 
Christian-Becker Chainomatic Analytical Balance 
Brown and Sharpe Yarn Reel. 
CHAPTER IV 
EXPERIMENTAL PROCEDURE 
PRELIMINARY TESTS AND PREPARATION FOR DYEING 
As a p r e l i m i n a r y to dyeing, informat ion was ob ta ined regard ing 
the ya rn number or count , t w i s t s per inch , and b reak ing s t r e n g t h of the 
y a r n . These t e s t s were conducted under s tandard c o n d i t i o n s (6£ per cent 
r e l a t i v e humidi ty and 70° F . t e m p e r a t u r e ) . The ya rns were s t o r ed in the 
l a b o r a t o r y for a minimum of twenty-four hours i n o rde r t h a t s tandard 
cond i t i on ing would be a t t a i n e d . 
Yarn number or coun t . The yarn number or count of the ya rn was d e t e r -
mined by r e e l i n g 120-yard samples and weighing the samples on the C h r i s -
t i an -Becker Chainomatic Balance. The l e n g t h and weights were put in the 
fo l lowing formula t o determine the counts : 
Length in ya rds „ 7000 
Yarn number - Weight i n g r a i n s X - T O ~ 
Two samples were taken from each of t en cones of the y a r n , each cone con-
t a i n i n g one and one-ha l f pounds of y a r n . The average ya rn number o b t a i n -
ed fo r the twenty samples was taken as the count of the yarn used i n t h i s 
exper iment . The r e s u l t s a re shown i n Table 1 . 
Twists per i n c h . The u n t w i s t - t w i s t method was used to determine the 
t w i s t per inch of the y a r n . A t e n - i n c h sample was i n s e r t e d in the jaws 
of the Goodbrand Twist Counter. The t e n s i o n on the yarn was appl ied so 
t h a t the i n d i c a t o r was a t the top p o s i t i o n . As the yarn was untwisted^ 
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the indicator dropped to the bottom pos i t ion . As the untwisting con-
tinued, the point was reached such tha t a l l the twist had been removed; 
and continued turning of the jaws a t one end tended to inse r t twist in 
the yarn again to the extent that the yarn contracted and ra ised the 
indicator to i t s or ig ina l pos i t ion . 
Since the reading on the scale indicates the t o t a l turns required 
to remove a l l the twis t and r e - i n s e r t t h i s same amount of twist in a ten-
inch sample, i t i s divided by two and the resu l t ing figure divided by ten 
to obtain the number of turns per inch. Two samples were taken from each 
of ten cones of yarn, each cone containing one and one-half pounds of 
yarn. The average of the twenty twist t e s t s was taken as the twist per 
inch of the yarn. The r e su l t s are shown in Table 2 . 
Breaking s t rength . Information regarding the strength of the yarn was 
obtained to form the basis for determination of any possible damage to 
the yarn as a r e s u l t of dyeing. Yarn strength was tes ted on the Suter 
Vert ical Single Strand Yarn Tester (o i l plunger type) . The t e s t s were 
made with the jaws se t ten inches apart , and the ra te of descent of the 
lower jaw was se t a t twelve inches per minute. Care was taken to insure 
that no twist was l o s t in inser t ing the specimen in the jaws of the t e s -
t e r ; and if the yarn broke a t the jaw, the r e su l t s were discarded. Four 
samples were taken from each of ten cones of yarn, and the average of 
the for ty breaking strength t e s t s was taken as the breaking strength of 
the yarn. These r e s u l t s are shown in Table 3« 
Winding the yarn. The package dyeing machine used in t h i s experiment 
was designed to accommodate one-pound packages of yarn. I t was there-
fore necessary tha t the yarn be re-wound on metal dyeing tubes, each 
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tube to contain one pound net of yarn. Winding was performed on the 
Foster Model 102 Winder, Care was taken to insure that as soft a pack-
age as possible was prepared. This necessitated as little tension as 
possible on the yarn during winding, and an 88-gram weight was used to 
apply this small amount of tension on the yarn. 
INSTRUMENTATION AND EQUIPMENT 
Modified Morton one-pound package dyeing machine. The machine selected 
for use in dyeing the yarn in th i s problem was the Morton one-pound pack-
age dyeing machine. This par t icu lar model i s the standard machine de-
signed for sample dyeings in the laboratory. I t cons is t s of a dye kier 
with a closed cover into which a one-pound package of yarn i s placed. 
The yarn i s wound on a special s ta in less s t ee l tube which has regular ly 
spaced holes punched in i t . The tube f i t s over a spindle which also has 
regular ly spaced holes . The dye kier i s connected with sui table piping 
to an open expansion tank which allows the level of the dye l iquor to 
r i s e in the expansion tank as the dye l iquor i s heated. A centrifugal 
pump in the pipel ine between the expansion tank and the dye kier forces 
the dye l iquor through the one-pound package of yarn with a pressure of 
twenty pounds. Provision is made for per iodica l ly reversing the flow of 
dye l iquor from outside-in to inside-out . 
The source of heat for the machine i s a steam jacket around the 
dye kier* The temperature of dyeing i s control led manually, and the tem-
perature i s measured by a thermometer mounted in the cover of the dye 
kier0 
In a preliminary invest igat ion of t h i s problem, a number of sample 
dyeings were made to check the s u i t a b i l i t y of the machine. Ordinarily, 
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the machine is sued for dyeing at the boil, in which case air locks in 
the piping can be eliminated by means of the bleeder valve placed in the 
top of the dye kier. However, for high temperature dyeing under pressure, 
the machine must be completely closed off, and it is impossible to bleed 
air or accumulated steam out of the machine without also permitting an 
unraeasurable portion of the dye liquor also to escape. 
It was also determined that if the machine were to be utilized in 
its normal form, it would be necessary to perform all the dyeings, both 
high temperature and at the boil, under closed conditions. This would be 
necessary since the dye solution can only be added by means of the expan-
sion tank. When dyeing at high temperature under pressure, the dye is 
dissolved in a given quantity of water and the machine is closed off when 
the proper temperature is reached. Inasmuch as the valves for pressur-
izing the machine are below the expansion tank, approximately one-third 
of the dye liquor is left in the expansion tank and not utilized for dye-
ing. In order to make comparable dyeings, it was thus necessary that the 
dyeings at the boil be made under closed conditions also. Such a proce-
dure would be extremely difficult to execute because the method of heat 
control is very slow to react, and it would be almost impossible to main-
tain the temperature of the dye liquor at or just below the boil. 
In dyeing under pressure with the machine in its original form, 
when air locks formed in the pipeline, the pump pressure became greatly 
reduced and even completely nullified in some cases. When dyeing at 
high temperature, the dyeing proceeded adequately for a few minutes, but 
the pump pressure gradually dropped until only the pressure of the dye 
liquor remained. This was observed by stopping the motor to the pump 
and reading the pressure of the liquor on the gauge. Ordinarily this 
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gauge indicated, at 2^0 F„, a pump pressure of twenty pounds and a dye 
liquor pressure of twenty to twenty-five pounds, 
Because of the above objectionable features, it was determined 
that it would be necessary to make certain revisions in the machine in 
order that more comparable results could be obtained and in order that 
the number of possible variables would be reduced. It was decided to 
make the following changes: 
1. Pressurize the expansion tank by fitting it with a 
cover <. 
2. Install a heating coil in the expansion tank. 
3. Install a thermometer in the pipeline. 
These changes were designed to achieve the following results: 
1. Permit comparable dyeings to be made at the boil with 
the expansion tank open and at high temperature under 
pressure. 
2. Utilize all the dye liquor in the machine instead of 
isolating an unused portion in the expansion tank. 
3» Maintain constant pump pressure at all times by utilizing 
the air trapped in the upper portion of the closed expan-
sion tank to exert a counter-pressure against the expan-
sion of the dye liquor and force any air trapped in the 
system through the machine until it reached the air space 
where it could be absorbed. Any steam formed by the high 
temperature would also be liberated into the air space in-
stead of being forced back into the dye liquor to prevent 
the pump's operating at constant pressure. 
l|o Permit more rapid heating and better heat control, 
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particularly for high temperature dyeing under pressure. 
£. Permit more reliable temperature readings to be obtained. 
After making the above changes, test dyeings revealed that all 
of the prior objections to the machine had been overcome. Photographs 
of the revised machine, showing the details of the covered expansion 
tank and the new thermometer location, are shown in Figures 1 and 2. 
The Lumetron Colorimeter. The Lumetron Photoelectric Colorimeter, Model 
U02-E, is a device for measuring the amount of light transmitted by a 
sample solution as compared with a standard solution. Essentially, it 
consists of a white light source which, when projected through a suit-
able filter, is converted into monochromatic light. The monochromatic 
light passes through the sample being tested, and the light transmitted 
by the sample strikes a photocell which converts the light transmission 
into an electrical impulse which is passed on to a galvanometer. By 
means of an adjustable dial, the per cent light transmission of the sam-
ple can be read directly<, This machine is illustrated in Figure 3« 
The per cent light transmission obtained through the use of the 
colorimeter can be easily converted into dyestuff concentration by ap-» 
plying the Lambert-Beer Law0(l6) In order to apply this law, standard 
solutions of the dyes to be utilized were prepared and tested on the 
colorimeter. A straight line was obtained when the per cent light trans-
missions were plotted against concentrations on semi-logarithmic coordi-
nate paper. Thus the per cent light transmissions obtained for the dye 
baths before and after dyeing could be read directly by plotting the 
readings on the straight line curves of the standard solutions of known 
concentrations. Figures 33 h and £ illustrate the plotted curves for 
standard solutions of the dyes used in this experiment. 
Figure 1. Modified Morton One-Pound Package Dyeing Machine (Top View) M 
03 
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Figure 2. Modified Morton One-Pound Package Dyeing Machine (End View) 
Figure 3. Lumetron Colorimeter, Model 402-E, 
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DYEING THE YARNS 
Types of dyes used. The dyes used in this experiment, together with the 
fastness characteristics specified by the dye manufacturer, were as fol-
lows: 
Pontamine Blue BB Super Concentrated (C.I. 1|06) 
Lightfastness (3 per cent dyeing): 1 (l.2£ to 2.£0 Fadeometer 
hours) 
Washfastness (A.A.T.C.C. Test No. 2): Iff (Poor) 
Pontamine Fast Rubine B Concentrated (Pr. 539) 
Lightfastness (3 per cent dyeing): h (10 to 20 Fadeometer hours) 
Washfastness (A.A.T.C.C. Test No. 2): 1±W (Good) 
Pontamine Fast Orange EGL (Pr. 72) 
Lightfastness (3 per cent dyeing): 5 (20 to kO Fadeometer hours) 
Washfastness (A.A.T.C.C* Test No. 2): i;W (Good) 
Pontamine Blue BB Super Concentrated has the chemical formula 
^32K20^6^lU^U^aUo An attempt was made to obtain the chemical formulas 
of the other two dyes but no information was available except the fact 
that they are of the stilbene type. 
The concentration of the dye solution in this series of experi-
ments was two per cent based on the weight of the goods. 
Dyeing at the boil. Dyeing at the boil was carried out in the usual 
manner with the open expansion chamber. The yarn was first wet out for 
twenty minutes at 180° F. with a solution of 1.0 per cent Merpol F and 
1.0 per cent trisodium phosphate in a liquor ratio of 16 to 1. The di-
rection of flow was reversed every two to three minutes. The bath was 
then dropped, and the yarn was rinsed with cold running water until the 
solution became clear. 
The drain was then closed and the dye bath was set with one-half 
of the dye concentration, running cold outside-in. At the end of five 
minutes, the remaining half of the dye concentration was added, still 
running cold. 
The temperature of the bath was raised to 180 F. in ten minutes, 
at which time fifteen per cent salt was added. Circulation was contin-
ued at 180° F. for five minutes, and then the temperature was raised to 
212° Fc 
Dyeing was continued at the boil for a period of twenty minutes, 
after which the bath was dropped and the yarn rinsed with cold running 
water until the bath was clear. The excess water was then removed in 
the extractor and the yarn dried in the circulating oven. 
Dyeing at high temperature under pressure. The procedure for high tem-
perature dyeing was practically the same as that utilized for dyeing at 
the boil. The yarn was wet out in the same manner with Merpol F and 
trisodium phosphate. The dye bath was set with half the dye concentra-
tion and circulated outside-in cold'for five minutes. Then the remain-
ing half of the dye concentration was added, and the temperature of the 
dye bath was raised to 180° F. in ten minutes. 
At this point, fifteen per cent salt was added and open circula-
tion continued for five minutes at 180° F, Then the cover for the ex-' 
pansion tank was fastened securely in place, and the temperature of the 
dye bath was raised to 2^0° F. in ten minutes. It was necessary to uti-
lize the heating coil in the expansion tank to attain this higher tem-
perature in the short time. Dyeing was continued at 2£0° F. for a per-
iod of twenty minutes, after which time the dye bath was dropped. 
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The yarn was then rinsed, extracted and dried in the same manner 
as that utilized in dyeing at the boil. 
Results of dyeing. The resultant dyeings of both methods produced good 
dyeings of uniform shades throughout the one-pound packages. The high 
temperature dyeings using Pontamine Fast Rubine B Concentrated were of 
a slightly heavier shade than those produced at the boil using the same 
dye. On the other hand, the use of Pontamine Fast Orange EGL and Pon-
tamine Blue BB Super Concentrated produced heavier shades at the boil 
than with the use of high temperature procedures. 
The exhaustion percentages for the various dyeings, as determined 
by colorimetric methods, are shown in Tables k> 5 and 6 of the appendix. 
TESTS ON DYED YARN 
Backwinding. Prior to tes t ing the dyed yarn, i t was necessary to re-wind 
the yarn onto cones since the one-pound packages were not sui table for 
yarn t e s t i n g . I t was desired to evaluate the dele ter ious effect of the 
high temperature dye solution on the outer , middle and inner portions of 
the one-pound package. For th i s reason, each one-pound package was d i -
vided into three portions of equal thickness on the package, and each 
portion was re-wound onto a separate cone. Thus three samples from each 
one-pound package were made available for t e s t ing purposes. 
Breaking strength t e s t s . The average breaking strength of the dyed yarn 
was determined by making eight single strand breaks from each of five 
cones of dyed yarn, a t o t a l of for ty breaks for each evaluation. The 
average of the for ty breaks was taken as the breaking strength of the 
dyed yarn. The r e s u l t s of these breaking strength t e s t s are shown in 
Tables 7 through 2k of the appendix. 
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Laundc rometer t e s t s . , Cloth k n i t t e d from the t e s t ya rn was cu t in to 
2n x UM samples , and a 2U x 21! square of b leached s h e e t i n g was sewed to 
the face of each sample. These samples were then p laced in the Launder-
ometer and subjec ted to AoAoT.C.C. Test No. 2 . ( 1 7 ) 
Fadeometer t e s t s . Cloth k n i t t e d from the t e s t ya rn was cu t i n t o 2 j " x 6" 
samples which were p laced in t e s t masks and sub jec ted to exposure in the 
f adeome te r 0 ( l 8 ) The t imes of exposure , s e l e c t e d to cover the l i g h t f a s t -
ness r a t i n g s s p e c i f i e d by the dyestuff, manufacturer , were as fo l lows: 
Pontamine Blue >BB Super Concentrated 
Exposure No. 1 0 1.25 hours 
Exposure No. 20 2 .50 hours 
Exposure No. 3° 3•75 hours 
Exposure No. I4., £ .00 hours 
Pontamine F a s t Rubine B Concentrated 
Exposure No. 1 . £ .00 hours 
Exposure No. 2 . 10.00 hours 
Exposure No. 3« l £ . 0 0 hours 
Exposure No. I4. 20.00 hours 
Pontamine Fas t Orange EGL 
Exposure No. 1 . 20 .00 hours 
Exposure No. 2 . 30.00 hours 
Exposure No. 3° i |0.00 hours 
Exposure No. h° £0.00 hours 
Microscopic examinat ion . F ibe r s from the dyed ya rns were examined under 
a microscope bo th l o n g i t u d i n a l l y and in c r o s s - s e c t i o n in an e f f o r t to 
determine whether or not b e t t e r p e n e t r a t i o n and more even dyeing was 
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obtained by means of the high temperature process. 
DETERMINATION OF OPTIMUM DYEING CONDITIONS 
Statement of conditions. In addition to evaluating the high temperature 
method of dyeing for fastness to light and washing, an effort was made 
to determine whether any saving could be made in the amount of time re-
quired for dyeing or in the amount of dyestuff used. To accomplish this 
purpose3 additional dyeings were made in which the procedure for high 
temperature dyeing was followed except that the time of dyeing and the 
concentration of dyestuff were varied. 
Variation of time of dyeing. In the previous dyeings at high tempera-
ture, the yarn was dyed at 2^0° F. for twenty minutes. In this test, 
the time of dyeing was reduced in increments of five minutes. For in-
stance, separate dyeings were made in which the dyeing was continued at 
2^0° Fo for periods of twenty minutes, fifteen minutes, ten minutes, five 
minutes, and one dyeing in which the dyeing cycle was considered complete 
when the temperature of the dye bath reached 25>0° F. In addition, the 
dye bath was cooled to 180° F. in five minutes just prior to draining 
and rinsing. The cooling dye bath was utilized in anticipation of a 
more effective exhaustion of the dye bath. The exhaustion percentages 
for the dyeings performed under the time variables indicated are shown 
in Table 25. 
Variation of dyestuff concentration. Another series of dyeings was made 
at high temperature under pressure in which dye concentrations of 2,0 
per cent, 1.75 per cent, 1.5>0 per cent and 1.2£ per cent were used. 
Again the dye bath was cooled to 180° F. after dyeing was complete and 
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just prior to draining and rinsing to effect better dye bath exhaustion. 
The exhaustion percentages for these dyeings are shown in Table 26. 
Fastness tests. The yarn dyed under the specified variables mentioned 
above was subjected to the same types of fastness tests as the yarn 
dyed at 2^0° F. for twenty minutes in a concentration of two per cent 
dyestuff. Knitted samples of the dyed yarn were exposed in the Atlas 
Fadeometer for twenty, thirty, forty and fifty hours. Knitted samples 
were also subjected to A.A.T.C.C. Test-No. 2. 
CHAPTER V 
RESULTS AND DISCUSSION OF RESULTS 
Breaking strength tests. The average breaking strength of the undyed 
yarn was determined to be 1.26 pounds. An analysis of the breaking 
strengths of the dyed yarns indicated that the average obtained for 
these samples was somewhat less. For yarn* dyed at 212° F. with Ponta-
mine Blue BB Super Concentrated, the average breaking strength was 
1.10 pounds. For yam dyed with the same dye at 250° F., the average 
breaking strength was also 1.10 pounds. Thus it is seen that these 
yarns suffered a decrease in breaking strength of 0.16 pounds, a loss 
of 12.70 per cent. 
For yarns dyed at 212 F. with Pontamine Fast Rubine B Concen-
trated, the average breaking strength was found to be 1.07 pounds. For 
yarn dyed at 2£0 F. with this same dye, the average breaking strength 
was 1.08 pounds. These results indicate the yarns dyed with this dye 
suffered a decrease in breaking strength of approximately 0.19 pounds, 
a loss of 1^.08 per cent. 
The yarns dyed at 212° F. with Pontamine Fast Orange EGL exhibit-
ed an average breaking strength of 1.18 pounds, while the yarn dyed at 
250° F. with this same dye had an average breaking strength of 1.21 
pounds. This represented an average decrease in breaking strength of 
0.06 pounds, or a loss of U«76 per cent. 
An analysis of the above results indicates that although the 
dyed yarns suffered a decrease in breaking strength ranging from k»76 
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per cent to l£.08 per cent, the decrease for yarns dyed at 212° F. was 
virtually the same as for yarns dyed at 2£0 F.j and no portion of the 
decrease in tensile strength could be attributed to the use of high 
temperature procedures. 
Launderometer tests. An examination of the samples subjected to 
A.A.T.CoC, Washfastness Test No. 2 revealed that the yarns dyed with 
Pontamine Blue BB Super Concentrated at 212° F. and at 2^0° F. showed 
appreciable fading, and thus must be rated as Class 1# The samples 
dyed with Pontamine Fast Rubine B Concentrated and Pontamine Fast Orange 
EGL showed very little fading when subjected to A.A.T.C. Washfastness 
Test No. 2 and should be rated as Class 3# 
The degree of difference in shade noted in all of the dyed sam-
ples was retained in the faded samples. It is to be noted that whereas 
the manufacturer's rating of the latter two dyes was Class k, the fact 
that a rating of Class 3 was obtained for the dyed samples can be attri-
buted to the fact that a lower concentration of dyestuff was used in 
preparing these samples. 
Fadeometer tests. Examination of the knitted samples subjected to ex-
posure in the Fadeometer indicated that fading occurred after the fol-
lowing periods of times 
Pontamine Blue BB Super Concentrated 
Samples dyed at 212° F. 1.2£ hours 
Samples dyed at 2£0° F. 1.2£ hours 
Ratings Class 1. 
Pontamine Fast Rubine B Concentrated 
Samples dyed at 212° F. 10.00 hours 
Samples dyed at 250° F. 10.00 hours 
Ratings Class 3» 
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Pontamine Fast Orange EGL 
Samples dyed a t 212° F. 20.00 hours 
Samples dyed a t 2^0° F. 20.00 hours 
Rating; Glass h* 
The degree of difference in shade noted in a l l of the dyed sam-
ples was re ta ined in the faded samples, and the above r e s u l t s indicate 
tha t no improvement in fastness to l i g h t i s imparted to cotton yarns 
dyed with d i r ec t dyes by the use of high temperature procedures. 
Microscopic examinations. Fibers pulled from the dyed yarn samples 
and examined longi tudinal ly under a microscope showed an apparently 
even penetra t ion of dye into the f ibe r . The specimens observed showed 
uniform t i n t i n g throughout the length of the f i b e r . 
Cross-section examinations indicated tha t penetra t ion of the dyes 
•i 
was reasonably effect ive for a l l three dyes. However, those yarns dyed 
with Pontamine Fast Rubine B Concentrated exhibited more even penetra-
t ion than the yarns prepared with the other two dyes. 
The cross-sect ions were prepared by gathering a small bunch of 
yarns together and holding them t igh t ly in a v i se - l ike instrument, the 
projecting ends were frozen together in a r i g i d posi t ion with collodion. 
A t i s sue - t h in s l i ce was made across the diameter of the yarns and mount-
ed in a glass s l i d e . Microscopic examinations revealed that the f ibers 
in the outer port ion of the yarn received more dye than the inner por-
t ions since r ing formations composed of heavily t i n t ed f ibers with more 
l i g h t l y t i n t ed f ibers in the center were d i s t i n c t l y v i s ib l e in the yarns 
dyed with a l l three dyes a t 212° F. and a t 2^0° F. 
Golorimetric examinations. Samples of the dye l iquor in which Pontamine 
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Blue BB Super Concentrated was used at 212° F. in a solution of 2.0 
grams of dyestuff in 16.0 liters of water indicated an exhaustion 
ranging from O.O70I4. grams to 0.0821; grams. The average exhaustion 
obtained was 0.0750 grams or 31.52 per cent. Exhaustions ranging 
from 0.0280 grams to 0.0144* grams were obtained in using the same 
dye concentration at 250° F. The average exhaustion obtained when 
dyeing at 250° F. with this dye was 0.0383 grams or I6.6I4. per cent. 
The use of high temperature procedures with Pontamine Blue BB Super 
Concentrated resulted in a decrease in average exhaustion of 0.0367 
grams or lii.88 per cent. 
Dyeing at 212° F. with Pontamine Fast Rubine B Concentrated 
produced exhaustions ranging from 0.0720 grams to 0.0856 grams. The 
average exhaustion was 0.0798 grams or 32.20 per cent. Dyeing at 
2^0° F. with this same dye produced exhaustions ranging from 0.0968 
grams to O.I2J4.8 grams. The average exhaustion obtained was 0.1.11U 
grams or kh»3Q per cent. The use of high temperature procedures with 
Pontamine Rubine B Concentrated resulted in an increase in average ex-
haustion of 0.0316 grams or 12.18 per cent. 
The use of Pontamine Fast Orange EGL at 212° F. produced exhaus-
tions ranging from 0.0960 grams to O.llOi; grams, the average being 
0.1016 grams or U2.55 per cent. When dyeing with this same dye at 
250° F., exhaustions ranging from 0.051|.1| grams to 0.0712 grams were 
obtained. The average exhaustion obtained at 250° F. was 0.0610 grams 
or 25.09 per cent. The use of normal high temperature procedures with 
Pontamine Fast Orange EGL resulted in a decrease in average exhaustion 
of 0.0i;06 grams or 17»U6 per cent. 
3k 
Optimum conditions of dyeing. Dyeing at 2jp0 Fo with Pontamine Fast 
Orange EGL with variations in time of dyeing from zero to twenty min-
utes in five-minute increments9 together with cooling of the dye bath 
to 180° Fo in five minutes,, produced exhaustions ranging from 0,09hh 
grams to 0»1072 grams. This compares very favorably with the results 
obtained when dyeing with the same concentration at 212° Fo in which 
the average exhaustion was 0»10l6 grams» 
Dyeing with Pontamine Fast Orange EGL at 25>0° F0 with varying 
concentrations of dyestuffs together with cooling of the dye bath to 
180 F. in five minutes,, indicated a uniform decrease in exhaustion 
from O0IOO8 grams for a 2,0 per cent concentration to Oo0656 grams for 
a 1<,2£ per cent concentration. However,, the per cent exhaustion was 
approximately the same for these varying concentrations« 
The samples produced by these variable dyeing conditions exhib-
ited the same fastness qualities as the samples dyed under uniform con-
ditions 3 which indicates that no reduction in fastness to light or wash-
ing is imparted by the dye deposited on the fibers through the intro-
duction of the cooling dye bath* In addition the use of the cooling 
cycle increases the exhaustion of the dye bath and permits the use of a 
lower concentration of dyestuff to obtain approximately the same shade 
as that obtained by dyeing at 212 F0 with a higher concentration« 
CHAPTER VI 
CONCLUSIONS 
The following conclusions may be drawn from the results obtained 
in this studyo 
Breaking strength.. Although the dyed yarns exhibited a loss in breaking 
strength of from k<>76 per cent to 15>°08 per cent^ the reduction in 
strength was noted in the yarns dyed at 212 F. as well as in those yarns 
dyed at 25>0° F° Therefore,, it must be concluded that dyeing at elevated 
temperatures has no deleterious effect on the strength of the yarn, and 
the strength loss noted must have been imparted by some chemical action 
of the dyestuffs employed<> 
Washfastness° The results of the laundering tests indicate that the use 
of direct dyes at elevated temperatures imparts no additional resistance 
to fading by washing„ 
LightfastnesSo The results of the light fading tests indicate that the 
use of direct dyes at elevated temperatures imparts no additional resis-
tance to fading by lighte 
Dye penetration and exhaustion « The results obtained in this problem 
fail to indicate that additional penetration or exhaustion is obtained 
by dyeing with direct dyes at elevated temperatures <> The increase in 
exhaustion in the case of ona dyestuff and the reduction in exhaustion 
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in the case of the other two dyestuffs can only be attributed to the 
chemical compositions of the dyes themselves0 
Reduction in time of dyeing0 The results obtained in this problem indi-
cate that the overall time of dyeing at 212° F. can be reduced from ap-
proximately seventy-five minutes to approximately sixty minutes by the 
use of elevated temperatures and a cooling dye bath at the end of the 
dyeing cycle0 This represents a twenty per cent reduction in time of 
dye ing c 
Reduction in amount of dyestuff required. When dyeing at elevated tem-
peratures with a cooling dye baths visual examination of the samples 
indicated that a 1.75 per cent concentration produced the same shade as 
the 2o0 per cent dye concentration• This indicates a reduction of 12«5 
per cent in the amount of dyestuff required to produce a given shade0 
CHAPTER VII 
RECOMMENDATIONS FOR FURTHER STUBI 
The use of high temperature procedures offers a number of inter-
esting possibilities for future investigations with regard to dyeing of 
cotton materialso Because of the results obtained in this problem with 
regard to dye exhaustion^ it is recommended that an analysis of the com-
position of direct dyes be made in an effort to determine what effect 
the presence of various chemical components in the dyestuff has on the 
exhaustion of the dye bath at elevated temperatures0 In addition* an 
effort should be made to utilize the results obtained in predicting the 
behavior of dyes of known composition,, 
Experimental work involving the use of high temperature procedures 
should be conducted in an effort to determine the effect of high tempera-
ture scouring on dyeing of cotton yarns0 Another problem of interest 
would be the effect of high temperature dyeing on mercerized cotton ma-
terials o 
The use of elevated temperatures could be applied to the differ-
ences in dyeability between mature and immature cotton fibers in an ef-
fort to determine whether or not the dyeability of immature fibers could 
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Table lo Yarn Number or Count of Undyed Cotton Yarn., 
Specimen Weight of Yarn Number 
Number 120 Yards or Count 
(Grains) 
1 . 66o7ii l l i .98 
2o 66c5l 15 c Ok 
3o 67 c 30. l^o86 
k. 60o90 " l6cl*2 
5< 63cU6 1 5 O 7 6 
6o 6h°h2 1$62 
7o 65.5ii 15 c 26 
8c 6k-hZ I5c52 
9c 62o06 16 o i l 
1 0 0 660I8 15 o i l 
1 1 0 60,1*8 16 c 53 
1 2 o 60 068 16 . W 
1 3 o 62o30 160 05 
lUc 60o76 16.1*6 
1$ . ' 6$0$6 I5c25 
16 . 6iio20 I5c58 
17 . 67o28 ll*086 
18 o 6 5 4 2 I5c29 
19c 65»1*8 I5c27 
20o 62 08O I5c92 
Total 312o27 
Average 15O61 
Table 2. Twists per Inch in Undyed Cotton Yarn 
hh 
Specimen Twists 
Number per Inch 




* . 2 i | d 0 
60 2 U d 0 
7c 2i|o80 
8c 23oi|0 
9* 2 3 . Uo 




Number per Inch 
l i e 23o30 
12 0 23 o£0 
1 3 0 21*. 90 
llio 21o20 
15 0 2l±ol*0 
16 2^o90 
1 7 . 21o90 
18c 2lto90 





Table 3° Single Strand Breaking Strengths of Undyed Yarn0 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
l o lo36 21c 1.18 
2 . lo22 22 c 1.3U 
3o I0I4O 23 c 1.28 
ho 1.1|0 2)40 1,32 
5. lo38 2 5 0 loUo 
6. lo22 26o 1.20 
7° l»3h 2?c 1..314 
8o I.2I4 28o lol i i 
9 . loi|2 29o 1.10 
1 0 0 lo38 30c 1.12 
1 1 0 1.1|2 310 1.22 
12 c lo2li 32 c 1.22 
13- lolO 3 3 0 1.3U 
liio lo38 3k 0 1.12 
15 c 1.1*6 35 0 0.92 
16 o l c38 360 1.20 
17 . 1.20 37o 1.15 
18 o lo20 38o 1.26 
19c 1.22 39o 1.31 




Table k° Light Transmission and Exhaustion Percentages for Cotton larn 




















YAM DYED AT 212° JJL 
lo 68„00 760 00 Oo2360 0„ 1.61*8 Oo0712 30d7 
<C, o 67oOO 76o 25 0o2U6h Oo 161*0 0o082li 33.W 
3o 68075 11*2$ Oo230li 0ol560 0o07lUi 32o29 
U» 67o75 760 00 0o2ul6 0ol6i;8 O0O768 31.79 
5o 68025 760 00 0.2352 0 o 161*8 0o070l̂  29o93 
Total • Oo3752 1 5 7 O 6 2 
Averag ;e Oo0750 31° 52 
YAM DYED AT 2^0° Fo 
0o230U 001888 0,01*16 lo 68„75 73oOO I80O6 
20 69oOO 73.75 0o2280 0ol856 0o0u2il I806O 
3o 68075 72o5o Oo230lt 0d860 OoOititU 19o27 
ho 680 25 72oOO Oo2352 0o2000 0o0352 lUo97 
So 69*00 72oOO 0,2280 0o2000 0o0280 12o28 
Total 
Average 





Table 5° Light Transmission and Exhaustion Percentages for Cotton Tarn 
Dyed with Pontamine Fast Rubine B Concentratedo 
Sample 
Number 
P e r Gent 
T r a n s m i s s i o n 
B e f o r e A f t e r 
Dyeing Dyeing 
C o n c e n t r a t i o n 
of Dye 
( G r a m s / 1 6 0 0 0 C c C o ) 
Before i l f t e r 
Dyeing Dyeing 
E x h a u s -
t i o n 
(Grams) 
E x h a u s -
t i o n 
Pe r Cent 
YARN DIED AT 212° Fo 
1 , 29.25 Ii6o00 Oo2ii96 Ool6ii0 0*0856 3li<.29 
2 0 29o25 kk.2$ Oc2U96 O0I696 0c0800 32o05 
3° 31o00 U5o5o Oo2368 O0I6I18 Oo0720 30 0 i l l 
u0 23,75 kh°00 Oo2520 Ool720 O0O8OO 31.75 
5o 29oOO Ulio25 Oo25l2 0ol696 O0O8I6 32oli8 
T o t a l « Oo3992 160098 
Averag e O0O798 3 2 , 2 0 
YARN DYED AT 2^0° Fo 
Oo2528 Oolii88 OoloUo l o 28*50 U9.25 m.m 
20 31o00 5io75 O02368 OolUOO O0O968 ii0o88 
3° 28oOO 53*75 Oo2592 0.13UU 0ol2i i8 U8ol5 
Uc 28o50 52.50 O02528 0 o l 3 7 6 Ool l52 U5o57 
5o 29oOO 53 c 25 Oo25l2 0o l352 O0II6O U60I8 
T o t a l o05568 221o92 
Averag e O o l l i l t U4o38 
w 
Table 6° Light Transmission and Exhaustion Percentages for Cotton Yarn 
Dyed with Pontamine Fast Orange EGLo 
Concentration 
Per Cent of Dye 
Transmission (Grams/16000 c.Co) Exhaus- Exhaus=-
Sample Before After Before After tion tion 
Number Dyeing Dyeing Dyeing Dyeing (Grams) Per Cent 
XAEN DYED AT 212° F0 
-L o I8o50 U6o^0 . 0„2360 0,1360 OolOOO U2o37 
2o 18o00 U?°00 Oo238U '*0.13Ui OolOUO U3o62 
3o I8o50 ii5o2^ 0,2360 OolUOO O0O96O 1*0 068 
i|o 17o7^ iii4o00 0„2i400 0d i ;2 i | Oo0976 iiOc67 
5o 17o50 1*7. $0 Oo2l432 0cl328 OollOi; i;5oi;0 
Total , 0 o^080 212.7k 
Average ' 0o10l6 h£0$$ 
YARN DYED AT 2^0° F0 
l o 17o75 30*50 0o2ii00 Ool82ii Oo0^76 21AOGO 
2o 17o5o 29oOO Oo2li32 0 o 1880 0 o 0552 22«7© 
3o 17o50 28o75 Oo 21^32 O0I888 OoOZhh 22.37 
ii. 1 7 c 2 ^ 33° 00 OoZhhO Ool728 0o0712 2 9 d 8 
5o 17o25 32oOO Oo2hUO Ocl776 Oo066i4 27o21 
Total 0o30li8 125. Ij.6 
Average O0O6IO 2j>o09 
1*9 
Table 7. Single Strand Breaking Strengths s Cotton larn Dyed at 212° F 0 
Using Pontamine Blue BB S Super Concentrated. (Outer Portion 
of One-pound Package). 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
lc lo03 210 0o83 
20 1.0^ * 22 0 Oo97 
3c 0o90 23 0 O 082 
h* 0c91 2k° 0.95 
5° O088 2$« 0.88 
6. 0„90 26o lo31 
7c O088 270 LOO 
80 ld$ 28o 0.96 
9° lo29 29o 1.20 
10 0 I0I4O 300 I0I8 
11 0 0o9h 31c 1.18 
12 o O08O 32o 0.90 
13 o lo02 33 0 1.18 
lkc 1.18 3i+c 1.U6 
15 o O08I1 35 0 0.88 
l6o lo2U 36c 1.10 
17. loOO 37o 1.18 
18. 1.08 38c 1.36 
19. lo30 39o 1.08 
20c 0o90 UOo 1.2^ 
Total k2c3k 
Average 4̂ ".<56 
So 
Table 80 Single Strand Breaking Strengths9 Cotton Yarn Dyed at 212 F0 
Using Pontamine Blue BB5 Super Concentrated» (Middle Portion 
of One-pound Package)o 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
lo 0o83 21, loOS 
20 lo38 22o lol7 
3o l.SU 23 0 O086 
k> loiil 2ii0 lo05 
5o loOO 25 0 0.88 
60 lo2£ 26o O08I1 
7o lo33 27c 0o92 
80 I0I7 280 O088 
9o loOO 29o lo26 
10 0 1.1*2 30 0 0.88 
lie l03li 310 lo03 
12. ld3 32 0 O08O 
13 = lo20 33 c 0«80 
lUc lo20 3U- O083 
15 0 1.13 35 o 0o8ii 
160 lo20 36o 0o8ii 
17. lo38 37o 0o83 
18. 0o89 38. I0O6 
19 0 0.79 39c lo09 
200 lo30 UOo Oo82 
Tota l J42o62 
Average 1007 
51 
Table 9° Single Strand Breaking Strengths, Cotton Yarn Dyed at 212° F<, 
Using Pontamine Blue BB5 Super Concentrated.. (Inner Portion 
of One-pound Package)0 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
lo i;i8 21c 1,06 
2o lo20 22 o lo37 
3o Oo78 23 o 0o8i; 
lie I.li3 2lio 1.17 
5o lo80 25o 0.90 
6c 0*88 26c 0.89 
7o lo27 2?o lo09 
8, Oo86 28o lol8 
9o 1.38 29o lo2ii 
1.0, lo39 30. 1.12 
lie 1.U2 31 o io55 
12 o 1,28 32c 0.95 
13 o lo32 33 o 0.91 
U*o lo38 3Uo 0o99 
15 o lo35 35 - lol8 
16. 0o88 36o lokh 
17 o 1.17 37- 1,13 
18 o 0.86 38. 1.02 
19. lo20 39o l<>35 




Table 10• Single Strand Breaking Strengths,, Cotton Yarn Dyed at 250° F0$ 
Using Pontamine Blue BB, Super Concentratedo (Outer Portion 
of One-pound Package)„ 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1. lo05 21 o 1.15 
2o lol7 22 c 1.21* 
3o loll 23 c 1.19 
Uo 0o96 2Uo 1.38 
5. lolO 25c 0.99 
Do lo03 26o 1.12 
7» lol2 27c Oo73 
8o 0.99 28o 1.12 
9* lol2 29c 0.96 
10o loOO 30o 0.95 
1 1 0 0o96 31 o 0.95 
12 0 0.99 32, 0.92 
13 o lo28 33 c 1.12 
ll*. 1»3U 31*. 1.13 
15 o lo07 35 c 1.11* 
16 o 0.81* 36 c 1.1*7 
17 o lol9 37c 1.26 
18c lo22 38o 1.08 
19. lo20 39c 1.20 




Table 110 Single Strand Breaking Strengths^ Cotton Yarn Dyed at 250 F.5 
Using Pontamine Blue BB, Super Concentrated,, (Middle Portion 
of One-pound Package)« 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1 . lol;0 21 o 1.22 
20 1.63 22 o 1.1*0 
3c 1.18 * 2 3 . 0.80 
k» 1.13 2k o 0.77 
5* 0.99 2$ . 1.09 
6o 1.0$ 26. 1.3U 
7. 1.05 27 . 0.95 
8c lo62 28 . 1.36 
9o 0.89 29o 1.35 
10 , 0.96 30 . 1.29 
1 1 0 0.92 31 o 1.26 
12o 1.26 32 . 0.70 
13 o 1.38 33 o 1.02 
lij.. 1.16 3h* 1.16 
15 c 1.08 3 5 . 1.22 
16 . 1.25 36 . 1.17 
17. 1.26 37* 0.90 
18 o l.Oii 3 8 . 1.09 
19 . 0.88 3 9 . 1.10 




Table 12. Single Strand Breaking Strengths, Cotton Yarn Dyed at 250° F. 
Using Pontamine Blue BB, Super Concentrated, (Inner Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1 . '1 .20 21 0 1.29 
2 . 1.08 22 o 1.16 
3 . loOit 23 o 1.00 
U. 1.19 2k. 0o8U 
5 . 0.90 25. 1.05 
6„ 1.28 26 o 1.18 
7. 1.13 27. LOO 
8o 0.92 28. 1.39 
9* 1.22 29. 1.3U 
10 0 1.03 300 1.06 
XI. 0.99 31 . 0.96 
12 . 0,87 32 . . LJ4.2 
13 . 1.1U ' 33 o 1.18 
!k° 0.8U 3k o 1.02 
15 o l'ol8 35. l.Oii 
16 . 0.96 36. 0.81* 
17 . Oo88 37c 0.82 
18 o 1.08 38. 1.02 
1 9 . 1.12 39. 0.82 




Table 13. Single Strand Breaking Strengths9 Cotton Yarn Dyed at 212° F. 
Using Pontamine Fast Rubine B Concentratedo (Outer Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
l o 0 , 9 9 21 o 0 , 8 8 
2o Oo82 2 2 . 0 . 9 8 
3° l o 0 9 23 o 1.13 
Uo 1 .00 2i|o 1 .03 
5c lo2U 25 o 0 . 9 5 
6 0 loOO 2 6 . 0 . 9 8 
7o Oo78 27» 1.02 
8o Oo99 2 8 . 0o8U 
9* 1 ,06 29c loh9 
1 0 c 1.09 3 0 . 0 . 7 9 
1 1 0 1.18 3 1 o 1.01* 
12 o 1.3li 3 2 . 0o9$ 
1 3 o l o 2 ^ 33 c 1 .21 
l i i o 0 .92 3k . 0 . 8 5 
IS . 1.36 35 o 1.09 
16 c 1 .51 36. 1.U8 
17c 0 . 8 8 37o 1.35 
1 8 , 1 .05 38. 1.00 
19 o l . i iU 39 o l o 3 9 
20 0 0 .92 ho. 1.50 
T o t a l U3o86 
Average 1 .10 
% 
Table ll;. Single Strand Breaking Strengths, Cotton Yarn Ejyed at 212° F« 
Using Pontamine Fast Rubine B Concentrated,, (Middle Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1 . 0.82 2 1 . 1.18 
2c Oc83 * 22 . lo32 
3c 0o80 23 0 0.88 
k° 0.82 2U. 0.86 
So 1.18 25 . 0.80 
6o 0.75 26 . lo33 
7c Oo72 27o 1.21 
80 0o82 28o 0.82 
9. 0o8i; 29c lo25 
10c 0.83 30. 1.29 
11 0 lokO 3 1 . 0.98 
12 o 0.81* 32 . 0.88 
13 o 0o87 33o 1.15 
11+. 1.35 3l+o loOii 
1 5 . loOO 35 o 0o8it 
16c 0.82 36. 1.31* 
17- lo27 37<. 1.12 
18- '0.82 3 8 . O08I+ 
19 c 0.96 39c 1.29 




Table l5<> Single Strand Breaking Strengths^ Cotton Yarn Dyed at 212° F« 
Using Pontamine Fast Rubine B Concentrated. (Inner Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1, 0.98 21« 1»26 
2o 0.98 22 o lo26 
3c Oo82 23 c lo62 
Ho Oo83 2Uc lo26 
5o Oo72 25 o lo20 
6o Oo79 26o 1.09 
7o 0o92 27o 1.02 
8* loOl 28c 0.95 
9. lo08 29c 1*25 
10c lo36 30c 1.13 
11 o lo22 31 o 1.06 
12 o 1.22 32c 1.18 
13 • •J- o J J ,, 33. 1.18 
11*0 1.25 3k c 0.9h 
1$. lo!8 35 o 0.85 
16 c lo20 360 1.06 
17. 0o91 37c 0.96 
18. 1.13 38c 1.25 
19. lo09 39c 1.03 




Table 16„ Single Strand Breaking Stre 
Using Pontaraine Fast Rubine 
of One-pound Package) 
Specimen Breaking 














13 0 1.3$ 
1U. I0I8 
15 0 Oo83 
16 c lol2 







Lgths^ Cotton l a r n Dyed a t 2£0° F0 















32 0 1.35 









l o l l 
59 
Table 17- Single Strand Breaking Strengths* Cotton Yarn Dyed at 250° F„ 
Using Pontamine Fast Rubine B Concentratedo (Middle Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
I . i.a8 2 1 . 0 .81 
2c 0.96 •* 22 . 0.98 
3o 0.81* 23 0 0.90 
Uo l . U | 21*. 0.82 
5o 0 o 8 l 25o 1.10 
6 . 0.83 260 1.02 
7o 0o83 27o Oc98 
8. 0.85 28c Oc89 
9* 0.82 29o 0,82 
1 0 . 0o8it 30 . 0.86 
l l o 0o8ii 310 0.90 
1 2 o 0o90 32c 0.89 
1 3 . O08I4 33o 1.W 
11*0 0.90 3ho 1.6U 
1 5 o 0.93 35 0 0.97 
1 6 c 0.78 36 . LOO 
17. 0.77 37o l . i i2 
180 0.89 3 8 . loU2 
19 . 1.19 39, 1.60 




Table 18. Single Strand Breaking Strengths, Cotton Yarn Dyed a t 2^0° F. 
Using Pontamine Fast Rubine B Concentrated. (Inner Portion 
of One-pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1. 1.12 210 1.78 
2c 1.12 22. 1.1*0 
3 . 1.U8 23 0 1.28 
h. 0.81* 2l*« 1.19 
3'o 1.3U 25 0 1.16 
6, 0,96 26. 1.18 
7o I 0 I 8 27o 1.18 
8. 1.18 28. 0,63 
9* 1.51 29. 0.81* 
10 c l . l i l 30. 0.81 
1 1 0 0.97 310 0.91* 
12 c 1.17 32 0 0.97 
13 . 0.90 < 33 0 1.06 
liu 1.35 3iic 0.95 
1*. 0.80 35o 0.91 
16 o 1.21* 36o 1.19 
17. 1.17 37 0 1.0S 
18 P 1.20 38o 0.90 
19 . 1.1*6 39c 0.97 




Table 19. Single Strand Breaking Strengths^ Cotton Yarn Dyed at 212° F0 
Using Pontamine Fast Orange EGL. (Outer Portion of One-
pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength , Number Strength 
(Pounds (Pounds) 
l o 1 .09 2 1 , 1»53 
&> 0 loO? 22 , 1 .13 
3o l o 2 6 23 c 1 .30 
U- Oo^il 2I4.0 l . l i i 
So 0.9U 2 5 . 1-.3U 
6o 1 .17 260 0o9U 
7* l o 0 8 2 7 . l o l l 
8 . 1 .19 2 8 . loiiO 
9o 0o99 29c 0 . 9 8 
10 0 1 .25 30 0 l o l l 
l i e l o 0 6 310 1.6i4 
12 c l o 0 2 3 2 . 1 .62 
13 o 1.0)4. 33 0 1.26 
liio 1 .06 3k. 1.02 
1 5 . 0 . 9 1 35 0 1 .21 
I60 1 .17 3 6 . 1.21; 
1 7 . l . l i l 37* 1 .13 
18 o 1.32 38o 1 .28 
19 o 1.07 39o 0 .92 




Table 20. Single Strand Breaking Strengths, 
Using Pontamine Fast Orange EGLo 
pound Package) 
Cotton Yarn Dyed at 212° F, 
(Middle Portion of One-
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
lo 1,32 21. lo03 
2o lo2k 22o 1.27 
3° lol7 23 0 1.1*0 
ko lol2 2Uo lo08 
5o 1.33 25c lo26 
6. lo33 260 Oo96 
7o lolQ. 27c Oo99 
8, lo02 28o 1.22 
9o 1.19 29o 1.12 
10o lo22 30c 1.22 
lie lo28 31. 1,31 
12 c 1.08 32o 1.20 
13 o I0I8 33 0 1.03 
liic lo05 3Uc 1.18 
15 o lo03 35 0 1.10 
16O 1.08 36c 1.11 
17o .1.38 37o 1.13 
l8o lo20 38c 1.25 
19c I0I9 39« 1.26 
20o I0I8 I4O0 1.38 
Total 1*7 0 50 
Average 1.19 
63 
Table 21. Single Strand Breaking Strengths5 Cotton Yarn Dyed at 212° F. 
Using Pontamine Fast Orange EGL. (Inner Portion of One-
pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number - Strength 
(Pounds) (Pounds) 
lo lo08 21 o 1.25 
2o 1.31 22. 1.06 
3* l.Ui 23 o l.ll* 
u. 1.00 2i|o loOl* 5o l.Ol* 25o , lo33 
6o 0o96 26. 1.18 
7o loOO 27o 1.25 
8c 1.25 28. 1.17 
9o 0o 9h 29o 0.95 
10 0 0.9U 30. 1.11* 
11 0 loOO 31 o 1.10 
12 o Oo98 32 o 1.06 
13 o 1,13 ' 33* lo39 
lit* 1.31 3ho 1.18 
15. lo30 35 o 1.50 
16 o lo30 36o 1.30 
17. 1.15 31* 1.20 
18c 1.10 38. 1.1*0 
19. 1.16 39o 1.68 




Table 22. Single Strand Breaking Strengths* Cotton Yarn %ed at 250° F„ 
Using Pontamine Fast Orange EGL„ (Outer Portion of One-
pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1. 1-31 21c 1*26 
2o 1.26 22 o • 1.39 
3o l.iili 23 c lo20 
k> Oo93 2Uo lo21 
5o lc26 25o 1-35 
6c lo03 260 1.12 
7o 1.1*1 27o 1.12 
8o lo38 28c 1.20 
9o 1.35 29c 1.19 
1 0 c 1.37 30„ 1.32 
1 1 0 1.25 31. 1.19 
12. lo22 32 o 1.13 
13 c 1.10 33 o 1.13 
1U. 1.3U 3k. 1.03 
15 c 1»17 35. 1.29 
16c lo28 36o 1.03 
17. 1.36 37o 1.02 
18 o 1.16 38o 1.17 
19 c loOl 39 o 1.12 




Table 23. Single Strand Breaking Strengths^ Cotton Yarn Dyed at 2^0° F, 
Using Pontamine Fast Orange EGLo (Middle Portion of One-
pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
1c 1.02 2 1 . 1.29 
2o 1.25 22 o 1.33 
3c l o l ? 2 3 . 1.16 
1*. 1.26 2lt. 0.83 
5* lo38 25 o 1.31 
60 1.18 26o 0.99 
7c i.Uo 27 . l c35 
8c 1.31* 28 . 1.20 
9* 1.2U 29o 1.25 
10 . lo33 30 . 1.30 
1 1 . 1.61 31c 1.20 
12 o lo38 32 . 1.17 
13 o lo07 33 o 1.12 
llio i . 5 i 3k* 1.11 
15 o 1.23 35 o 1.15 
16o l . l i i 36 . l o l l 
17- 1.26 37c 0.83 
1 8 . 1.28 3 8 . l.ih 
19 o 1.00 39c 0„8U 




Table 2l+„ Single Strand Breaking Strengths, Cotton Yarn Dyed at 250° F, 
Using Pontamine Fast Orange EGLo (Inner Portion of One-
pound Package) 
Specimen Breaking Specimen Breaking 
Number Strength Number Strength 
(Pounds) (Pounds) 
lo lo35 21. lo25 
2Q I0U7 22 c lo56 
3o lo5o 23<= 0<>96 
k. lo27 2i*o lo27 
5o lol3 25o I0O6 
60 1.17 26o 1,17 
7c Oo82 27o lo09 
80 io35 28o lolO 
9o lo30 29o 1.U0 
10 c O08O 30, 1.09 
1 1 0 0.81* 310 l o l l * 
12 „ 1 009 32 0 1,31 
13 0 lo22 33° lo58 
lUo lo20 3i+o lo26 
15 0 lo2.6 35 0 I.J4I 
16 c lol7 360 lo38 
17o Oo99 37c lo35 
18, lo30 38o lo02 
19 0 lo05 39o 0o98 
20o 1 056 to- lo20 
Total 1*8 o 1*2 
Average lo21 
67 
Table 25° Light Transmission and Exhaustion Percentages for Cotton Yarn 
Dyed with Pontamine Fast Orange EGL Under Variable Conditions 











t i o n 
(Grams) 
Exhaus-
t i o n 
Per Cent 





20 I80OO Ii6c00 0o238h 0.1376 0a1008 U2o28 
15 I8o50 UUo75 0o2360 0,11+08 0.0952 1+0,31* 
10 19o25 [i60 00 0o2320 Ool376 O0O9U1 I4O069 
5 18„25 iiU025 0,2368 0.1U2I+ 0„09Uk 39 086 
0 17*50 hholS 0.2)432 0,2360 Ool072 W+.08 
Total 0.1r?20 207.25 
Average 0,0981; ia.Uo 
YARN DYED WITH VARIATION IN CONCENTRATION: 
Concen-
t r a t i o n 
(Per Cent) 
2o00 I80OO I460OO Oo238|4 0ol376 O0IOO8 U2o28 
lo75 23o50 5io75 0,2112 O0I2I48 Oo096k kSo6k 
lo5o 30,25 62o5o 0ol832 0,101(8 0,078k U2o79 
l„25 39o25 7lo75 0ol552 0o0896 0*0656 U2.27 
